INTRODUCTION
Pediatric melanoma accounts for 1-3% of all childhood neoplasms, and only 0.8% of melanomas occur in individuals under 20 years of age [1, 2] . Over the past several decades, however, the incidence of melanoma in the United States has risen dramatically [3] . It is projected that 1 in 50 Americans born in the year 2010 will develop melanoma in their lifetime, a marked increase in lifetime risk compared with 1 in 1,500 Americans born in 1935 [4] . Today, children are more likely to develop melanoma during their lifetime than at any other time in history.
Melanoma may occur in previously healthy children or in children with an underlying immunodeficiency or genetic disorder [5] [6] [7] . Melanoma may develop in congenital or acquired nevi or arise as a de novo lesion [5, 6, 8] . As in adult patients, advanced stage at diagnosis confers a poor prognosis [5, 7, [9] [10] [11] . For loco-regional disease, prognosis depends on the stage of disease based on thickness, ulceration status of the primary lesion, and the number and extent (microscopic vs. macroscopic disease) of involved regional lymph nodes [12] . Patients, including children, with either thick localized disease (>4 mm Breslow depth) or with regional lymph node disease (American Joint Committee on Cancer, AJCC stage IIB/C or III, respectively) are at high risk for disease recurrence [13] . This has led to the use of adjuvant therapies to complement surgical treatment in an effort to improve disease-free and overall survival in this group.
The mainstay of melanoma treatment in both adults and children is surgical, including a wide local excision (WLE) of the primary site and a lymph node dissection (LND) in the setting of a positive sentinel lymph node (SLN) biopsy or positive tissue diagnosis of a palpable regional lymph node [14] [15] [16] [17] [18] [19] [20] [21] . In the past, adjuvant
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There are several randomized trials of IFN therapy for melanoma using different dosages, modes of administration, and patient populations. Only HDI has been shown to improve relapse-free and possibly overall survival in patients with high-risk resected melanoma [24] [25] [26] . These encouraging results led to the use of this regimen to treat children with high-risk melanoma after surgical resection. Unfortunately, the administration of HDI to adults is associated with significant adverse reactions. Based on data from Eastern Cooperative Oncology Group (ECOG) melanoma trials, HDI toxicities included constitutional symptoms, gastrointestinal symptoms, myelosuppression, elevated hepatic enzyme levels, and depression or neuropsychiatric symptoms [24] . The hematologic and hepatic toxicities were reversible on interruption or dose reduction of IFN treatment; however, the constitutional and neurologic toxicities were often of sufficient severity to warrant discontinuation of the medication [24] . This study examines the clinical characteristics of pediatric patients with locally invasive or regionally metastatic melanoma and investigates how these patients tolerated HDI therapy. . For purposes of the study, the following information was entered into a de-identified research record for each patient: age, race, gender, primary site, presenting signs or symptoms, interval between sign or symptom onset and diagnosis, risk factors, histologic subtype, Breslow depth, surgical treatment, SLN biopsy status, and side effects experienced by patients on HDI therapy graded according to the National Cancer Institute common toxicity criteria [31] . Duration of follow-up was defined in months from the date of diagnosis through July 2003.
The SLN biopsy technique used preoperative intradermal injection of 99m Tc-sulfur colloid (1-3 mCi; CIS-US, Inc., Bedford, MA) and intraoperative intradermal injection of isosulfan blue dye (Lymphazurin 1%; Hirsch Industries, Inc., Richmond, VA) around the intact tumor or biopsy site. The SLN(s) was identified with the aid of a hand-held gamma counter and uptake of blue dye. SLNs were evaluated after serial sectioning and hematoxylin and eosin (H&E) plus immunohistochemical staining. All histopathology (primary lesions, SLNs, and LND specimens) was reviewed by University of Michigan melanoma dermatopathologists.
Published adult data from ECOG melanoma trials was used to compare adverse events between pediatric and adult patients [24, 32] . The equality of the proportion of patients experiencing adverse events while undergoing treatment for melanoma was assessed using Fisher's exact test. Two-sided P-values 0.05 were considered statistically significant. Table I reviews the clinical characteristics of pediatric patients with invasive melanoma evaluated at the University of Michigan Pediatric Hematology-Oncology clinic. Two patients had AJCC stage IIB/C disease and 12 had stage III melanoma. There were six males and eight females with a median age at diagnosis of 8.5 years (range 5-18 years). Twelve were Caucasian and two were Hispanic. Primary tumor sites included head and neck (n ¼ 6), trunk (n ¼ 3), and extremity (n ¼ 5) (Fig. 1) . Nine (64%) lesions developed de novo, one (7%) occurred in a preexisting lesion, and four (29%) arose in congenital nevi. The primary lesions were asymptomatic in three patients and were biopsied due to suspicious appearance identified by the primary care physician. Eleven (79%) patients noted growth, change in color, itching, ulceration, or bleeding of their lesion prompting an evaluation. The median delay between sign or symptom onset and diagnosis was 9 months. Risk factors for the development of melanoma included immunosuppression secondary to chemotherapy for medulloblastoma (n ¼ 1), personal and/or family history of melanoma (n ¼ 3), and history of sunburns (n ¼ 3). Interestingly, one patient was diagnosed with two primary lesions. At 4 years of age this patient developed a lesion on her upper back that was histologically an atypical melanocytic proliferation with indeterminate biologic potential (Breslow depth 1.65 mm). The lesion was managed conservatively as a melanoma with surgical resection. Two years later, the patient developed a de novo lesion in her scalp, which was shown to be an atypical epithelioid melanocytic proliferation with metastasis to two regional lymph nodes. None of the patients with a family history of melanoma had documented familial melanoma syndrome or atypical nevus syndrome. The primary lesion was diagnosed histologically as unequivocal melanoma in six patients and as atypical epithelioid melanocytic proliferation or atypical Spitz tumor with indeterminate malignant potential in eight cases. In the latter group, the primary lesion was reclassified as a spitzoid melanoma following a positive SLN biopsy for metastatic melanoma. Breslow thickness ranged from 1.0 to 6.0 mm (median 3.5 mm). There was evidence of regional lymph node disease on physical examination in one patient. None of the patients had evidence of distant metastases based on history, physical examination, or laboratory or imaging evaluations performed at diagnosis. All patients underwent WLE. SLN biopsy was performed in all patients with clinically negative lymph nodes (13/ 14) . Eleven patients had a positive SLN biopsy and underwent regional LND, as did the patient with palpable nodal disease. SLN biopsies were negative in two patients, both with unequivocal melanoma >4 mm Breslow thickness. Only microscopic disease was detected in individuals with positive lymph node(s).
RESULTS
Eleven patients (two AJCC stage IIB/C and nine stage III) received adjuvant HDI at the University of Michigan. The remaining three patients received chemotherapy, other immunotherapy, or HDI at another institution. Seven patients completed HDI without dose adjustment and four patients are currently being treated. In this latter group, one patient experienced neutropenia with an absolute neutrophil count (ANC) of 400/mm 3 (grade 4) during the fourth week of the induction phase, and the IFN dose was reduced by 50% for the remainder of the induction phase without a change in ANC. Therapy was subsequently discontinued for 1 week, and then restarted at 75% maintenance phase dosage. The other three patients have not required dose adjustments to date.
A summary of toxicities and comparison of adverse events with adult patients are detailed in Table II . Flu-like symptoms including fatigue, fever, or myalgia were reported in 100% of patients, but in only one patient was this graded 3 or 4. Fatigue (64%) and fever (91%) occurred temporally in association with IFN infusion and improved with continued therapy. One patient experienced a highgrade fever of 1058F without sequelae (grade 3). Mild gastrointestinal symptoms were reported in 73% of patients and included anorexia (27%), diarrhea or constipation (9%), nausea (45%), vomiting (55%), and weight loss (64%). One patient experienced grade 3 nausea resulting in dehydration and treatment with intravenous fluids. Seven patients experienced weight loss (mean 2.9 kg) that was regained by the end of therapy. All patients had some degree of neutropenia, and 64% had grade 3 or 4 toxicity (ANC <1,000 cells/mm 3 ) with a mean ANC of 590/mm 3 . The most severe neutropenia occurred during the final week of the induction phase of therapy. There were no serious infections requiring intravenous antibiotics or hospitalizations. Three patients had positive streptococcal throat cultures. Anemia (27%) and thrombocytopenia (9%) occurred with less frequency and were not severe. Elevations in AST or ALT occurred in 91% of patients, but no patients had elevations in bilirubin. Only one patient experienced grade 3 elevations in ASTand ALT (>250 IU/ L). This occurred during the last week of induction and there was no dose delay or reduction. Hepatic enzymes normalized during maintenance therapy. Depression, anxiety, or irritability occurred in 36% of patients, and one patient required anti-depressant medication for grade 3 symptoms. Two patients (18%) had laboratory studies consistent with hypothyroidism; one case occurred immediately after starting HDI and the second case occurred at the end of therapy. Neither patient required thyroid hormone supplementation. One patient had elevated blood pressures during IFN infusion which improved without intervention.
Statistical analysis shows that the proportions of pediatric patients suffering from fatigue or vomiting (all grades) was significantly lower (P-values 0.0024 and 0.0027, respectively) than for adult patients undergoing the same treatment. However, there were no statistically significant differences between the proportions of patients (pediatric vs. adult) experiencing adverse events for any of the other categories tabulated (Table III) . With regards to IFN dose adjustments, pediatric patients (9%) were less likely to require a dose modification than adults (50%) (P-value 0.0101). Follow-up data is available for 14 patients, all of whom are alive and are without evidence of disease with median follow-up of 24.5 months from diagnosis (range 9-171 months).
DISCUSSION
Historically, pediatric melanoma was thought to occur almost exclusively in the second decade of life, in Caucasian children, and children with predisposing conditions such as giant congenital nevi, atypical nevus syndrome, xeroderma pigmentosum, or immunosuppression [5, 6] . In this study of pediatric patients with high-risk resected melanoma, 12 of 14 patients were Caucasian and interestingly, 2 patients were Hispanic. The median age at diagnosis was 8.5 years, confirming that melanoma, in particular advanced disease, can occur in the first decade of life. Many children did not have obvious underlying risk factors for melanoma. Although the number of patients in this study is small, the results here and elsewhere raise the question of whether there has been a shift in the population characteristics of pediatric melanoma patients [33] . Increased solar exposure has been implicated as an important factor in the pathogenesis of melanoma. Unlike basal or squamous cell carcinoma in which cumulative sun exposure over time leads to cancer, melanoma risk is increased by intermittent intense exposure resulting in blistering or peeling sunburn [34] [35] [36] . The highest melanoma rates are in fair-skinned populations in areas of intense sunlight, most notably Australia [36] . Three (21%) of the study patients reported a history of severe sunburn, making intense sun exposure the most prevalent modifiable documented risk factor for the development of melanoma in this population.
A large portion of patients (79%) in this study had a prolonged delay (median 9 months) in diagnosis despite signs of a malignant lesion. Of note, there was a year or longer delay in diagnosis in three patients (29%). The earliest sign of melanoma is a change in size, shape, or [32] . When ranges were reported, the midpoint was used for statistical comparisons.
color of a lesion and the earliest symptom, although uncommon, is persistent itch of a lesion [37] . Ulceration and bleeding are typically associated with deep melanomas at time of diagnosis [37] . Delay in diagnosis was either due to procrastination in presentation by patients and families to their doctor and/or initial clinical misdiagnosis and hesitation in obtaining a biopsy by a health care professional. Melanoma recognition in children can be especially difficult for several reasons [5] . First, because the diagnosis is uncommon in children, melanoma is rarely suspected. Second, the clinical characteristics are often different from the characteristics seen in adults. In adults, melanomas are often asymmetrical, with irregular borders, color variation, and size greater than 6 mm in diameter. However, in children, particularly those under 12 years of age, melanoma is frequently amelanotic and without particularly worrisome features [5, 38] . Because the clinical differential diagnosis includes benign lesions such as a Spitz nevus, verruca, pyogenic granuloma, and hemangioma, diagnosis may be delayed. Lastly, physicians may be reluctant to perform biopsies in children. Unfortunately delay in diagnosis can lead to more advanced disease at diagnosis and poorer prognosis. Awareness that melanoma can occur in children is critical to early detection. Children develop nevi that grow as children age, but the degree to which a lesion changes should be a primary factor in the decision to biopsy. Histologic diagnosis of melanoma can be challenging in children [39] [40] [41] . In this study, primary lesions diagnosed as atypical epithelioid melanocytic proliferations or atypical Spitz tumor with indeterminate malignant potential were more common than lesions interpreted as unequivocal melanoma. A Spitz nevus is a benign melanocytic lesion that shares histologic features with melanoma [42] . Clinically, Spitz nevus is common in young people and appears as a small smooth dome-shaped pink-tan papule. Generally, the histopathologic diagnosis of Spitz nevus is straightforward but in some cases, distinguishing this lesion from a melanoma with spitzoid features can be difficult. It is now generally accepted that spindle and epithelioid melanocytic proliferations lie in a histologic continuum with benign Spitz nevus at one end and Spitz-like melanoma at the other [39, 43, 44] . A lesion with histologic features of both Spitz nevus and melanoma may be diagnosed as an atypical Spitz tumor with indeterminate malignant potential. In pediatrics, this problem is not uncommon because Spitz nevi occur more often in children than adults. Su et al. reviewed the cases of 18 patients with atypical or borderline spitzoid melanocytic proliferations who underwent SLN biopsy and found that 55% had positive SLNs [45] . The mean age of patients with lymph node involvement was 14 years. This study and others support the use of SLN biopsy to aid in diagnosis and prognosis when differentiating between an atypical melanocytic proliferation with indeterminate malignant potential and melanoma is difficult if not impossible [45] [46] [47] . In eight patients in this study with micrometastases to regional lymph nodes, the primary lesion was interpreted as an atypical epithelioid melanocytic proliferation or atypical Spitz tumor with indeterminate malignant potential.
For patients diagnosed with AJCC stage I melanoma, 5-year survival rates are greater than 95% [12] . In contrast, patients diagnosed with thick primary melanoma (Breslow depth >4 mm) or regional lymph node metastases (AJCC stage IIB/C or III) have 5-year survival rates between 25 and 70% [12] . Although surgery is the definitive treatment for melanoma, the increased risk of recurrence and mortality in this subgroup of patients, has justified the development and use of adjuvant therapies in this group. Currently, HDI is the only adjuvant treatment which is FDA-approved for the treatment of high-risk resected melanoma in adults because of increase in relapse-free survival and possibly overall survival. The seminal study that demonstrated efficacy of HDI against melanoma was ECOG trial E1684 [24] . This multicenter trial consisted of 287 patients with high-risk resected melanoma who were randomized to observation or treatment with HDI. At a median follow-up of 7 years, analysis of treatment impact showed favorable outcome for patients treated with HDI. The 5-year relapse-free survival was 37% in the HDI group compared with 26% in the observation arm. Similarly, the 5-year overall survival was 46% in the HDI group while in the observation group the rate was 37% [24] . Subsequent ECOG trials, E1690 and E1694, showed improvement in relapse-free survival and/or overall survival in patients treated with HDI versus observation or ganglioside vaccine [25, 26] . These studies in adults have led to the use of HDI in children with high-risk melanoma.
Yet, the year-long treatment with HDI is associated with significant adverse events. According to Kirkwood et al., the majority of adult patients undergoing treatment with HDI experienced some toxicities, and approximately 50% of patients required delay or dose reduction of IFN therapy for any reason [32] . Based on data from ECOG trials, grade 3 or 4 toxicities secondary to fatigue, fever, myalgia, nausea, vomiting, myelosuppression, increased transaminases, and depression or neuropsychiatric symptoms were not uncommon in the adults (Table II) [24] [25] [26] . Additionally, two patients in the first ECOG trial, E1684, died of liver toxicity which was partly attributed to inadequate monitoring and failure to modify IFN doses compounded by preexisting liver disease [24] . These fatal outcomes resulted in implementation of formal dose modification guidelines in the event of serious hematologic (ANC <500 cells/mm tion of the serological abnormalities ( grade 1). The medication may then be restarted at 66% of the goal dose. In the event of a second adverse event, the medication is again withheld until resolution ( grade 1), and then is reinitiated at 33% of the starting dose. IFN therapy is discontinued if a third serious toxicity occurs [32] . However, trials using lower doses of IFN to treat high-risk melanoma patients have not demonstrated the same benefits as HDI [25, 48, 49] . Thus, current management guidelines are intended to balance safety while delivering maximum tolerated doses.
The toxicity profile of HDI in the pediatric melanoma population in this study is similar to the profile in adults and includes constitutional symptoms, gastrointestinal side effects, myelosuppression, transaminitis, and depression. Statistical comparison of adverse events experienced by adults (in ECOG trials) and children showed no significant differences for many of the categories (Table II) . However, there was a statistically significant difference in the number of patients that required IFN therapy modification in the two groups (P-value 0.0101). Only one pediatric patient (9%) required IFN therapy modification in our series, while half of the adult patients had a dose delay or reduction. In the adult population, constitutional symptoms including fatigue, fever, and myalgia were of sufficient magnitude to result in discontinuation of therapy [24] . Although pediatric patients experienced similar frequency and severity of constitutional adverse events, these younger patients were able to continue with HDI therapy without dose adjustments. Serological abnormalities were prevalent in pediatric patients. Myelosuppression and increases in liver enzymes were noted in all or nearly all of the patients and were of significant severity in four patients (36%). The patients were well-appearing in spite of these laboratory findings and no serious infections were documented. In the one patient with grade 3 transaminitis, bilirubin levels remained normal. These severe adverse events of HDI therapy occurred during the last week of the induction phase and IFN therapy was continued without complications in three of four patients, with normalization of the laboratory abnormalities. These findings indicate that the laboratory changes were dose dependent and generally reversible with dose reduction (to maintenance phase dose). Over time, pediatric patients became tolerant to IFN. During the maintenance course there were no grade 3 or 4 toxicities and many adverse symptoms mitigated. Children tolerated HDI well, and in the setting of well-appearing patients without evidence of serious infection or liver disease, the criteria for dose delay, reduction, and/or discontinuation used for adults may be too rigid in pediatric patients.
The management of pediatric patients with melanoma and atypical melanocytic lesions worrisome for melanoma will evolve as additional information is gained from scientific study. Specifically, a randomized prospective clinical trial comparing the relative efficacy of HDI, melanoma vaccines, immunochemotherapy, or surgery alone is needed for young patients at high risk for disease recurrence. Similar to their adult counterparts, children with high-risk resected melanoma may benefit from adjuvant IFN. The results of HDI in adults have logically led to the use of HDI in children with high-risk resected disease. Although the toxicity of HDI therapy can be substantial, this study demonstrates that this population tolerates HDI at least as well, if not better than the adult population.
